This work studies on the performance of synergist extractants on the extraction of Cerium (Ce) alone. Conventional extractant, 4,4,4-trifluoro-1-(2-thienyl)-1,3-butanedione (HTTA) was combined with 3-methylimidazolium bis(triflouromethylsulfonyl)imide [C n mim][NTf 2 ], n=2,4 at different ratios to identify the best mixing ratio between HTTA and ionic liquid respectively. The effect of pH and temperature were also investigated on synergist extractant. Liquid-liquid extraction (LLE) was conducted by mixing synergist extractant with aqueous phase of Ce in the ratio of 1:1. The studies on pH and temperature were conducted in a range of 1.5 -5. In conclusion, the synergist extractant is more efficient at extraction of Ce compared to independent extractant under the pH value of 5 at 45°C.
INTRODUCTION
Extraction of rare earth elements (REE) using liquid-liquid extraction (LLE) method has been industrialised since 1960 due to its capability to handle large scale of separation. Throughout the years, the extraction process evolves and extractants used are varied depending on the desired REE extracted. Due to the strong physical and chemical bonding between REE, the separation and extraction of REE are comprise of hundreds of different processes just to gain one element of rare earth. There are 17 elements of REE where lanthanum (La) and cerium (Ce) are two most commonly elements found in minerals and have a wide range of applications compared to the other REE. Each of the REE has exclusive potential in enhance current technology by incorporate the materials such as into the wind turbine, flat screen monitor, lithium ion hybrid car battery and anti-corrosive paint [1] - [4] . For example, CeO (cerium oxide) acts as catalyst supported on ceramic honeycomb substrate manages to reduce the emissions of spark ignition engine [5] . This paper is considered significant in rare earth production industry mainly in solvent extraction phase where the process of extraction of REE is conducted. Thus, the optimum extraction of Ce at the beginning of solvent extraction process is highly valued in reducing the potential of other REE [6] . It is common to remove Ce first and then followed by La in the process of separation and extraction REE. It is important to separate Ce at early stage due to its high concentration which can contaminate the final product recovery of other REE [6] .
In LLE method, the extraction of Ce has been conducted using conventional extractants such as 2-ethylhexylphosphonic mono-2-ethylhexyl ester (HEHEHP), di-2-ethylhexyl phosphoric acid (D2EHPA) [7] , Cyanex272, Cyanex302, and tributyl phosphate (TBP) [8] . However, these conventional extractants raised issues on the environmental effects such volatile organic compound (VOC), toxic and difficulties on waste management [9] , [10] . Therefore, ionic liquid was suggested as the replacement of conventional extractants as it has the ability to extract metal ions and considered as green solvent [11] .
Ionic liquid is a molten salts in liquid form with melting points below 100°C and synthesized from the combination of organic cation and organic or inorganic anions [11] . There are thousands of ionic liquid combinations that can be formulated and the properties can be tailored according to the selection of cation and anion with different functionalities. Imidazolium ([C n mim] + ) is commonly used as the ionic liquid cation in the REE extraction due to its alkyl chains flexibility. For this type of cation, the hydrophobicity and viscosity increases with longer carbon chains of [C n mim] [12] . [15] . While hexafluorophosphate (PF 6 ) is anion that less preferred in extraction of REE since it is susceptible to hydrolysis and easily hydrolysed from PF 6 -to PO 4 3-compared to [NTf n ] [16] , [17] . Ionic liquid, however, is independently less efficient at extraction REE and more expensive compared to conventional extractants [15] , [18] , [19] .
Advantages and disadvantages between conventional extractants and ionic liquid had led to combination of the solvents. This concept is similar to task specific ionic liquid (TSIL) where two or more solvents mixed either through physical or inner synergist to synthesise new synergist extractant that capable to increase the extraction efficiency of extract REE and reduce the use of chemical [20] . Atanassova No further purification required on every chemicals used. The aqueous phase of Ce was simulated in order to understand the behaviour of SE towards Ce individually. The aqueous phase was incomparable to industrial aqueous phase as the raw can be highly concentrated and mixed of other elements apart from REE which could deviate the research from the original purpose.
Experimental Procedure
The experiment took place in the original condition of 25 °C and pH at 0.9-1.0 reflected the concentration of the aquoues. The variables setting were changed dependent on the extraction efficiency throughout the study. The best ratio of synergist extractant obtained from the preliminary study was selected for further experimental work. The effect of pH was investigated by varying the pH value in the range of 1.5 to 5.5. It was followed with study on the effects on extraction temperature where extraction was conducted at 25, 35 and 45 o C. The extraction efficiency, E of synergist extractant was determined using Equation 1.
( 1) where C o is the initial concentration of simulated Ce in aqueous phase and C e is the final concentration of simulated Ce in aqueous phase.
RESULTS AND DISCUSSION

FTIR analysis
FTIR is conducted to understand the formation of synergist extraxtant between the respective ionic liquids and HTTA. FTIR comparison is made between the extractants before and after the synergist as shown in Figure 1. ] are attributed to the ionic liquids instead of HTTA where both have the same peak of 3158 cm -1 and 2966 cm -1 , respectively. However, C-O at the interval 1000-1300 and amide C=O at the interval 1640-1690 are corresponded to HTTA. This suggested that HTTA and ionic liquids to be bonded physically in the formation both of the synergist extractants.
Extraction of Ce
Extraction of REE in LLE is a process that involves two phases. The first phase is the aqueous phase where in the real industry, this phase consists a mixture of REE and other elements such as iron (Fe) and thorium (Th). It is also known as leachate [24] , [25] . In this research work, aqueous phase used was a simulated leachate with Ce as the main element and nitric acid as the medium.
The second phase is organic phase which plays significant role in REE extraction that contains the main extractant and diluents [26] . Organic phase used in this research work is a synergist of HTTA and [C 4 Effect of pH towards extraction using optimum synergist extractant Subsequent to Figure 2 , SE05 and SE07 exhibit greatest potential at extraction of Ce without any dependent variables. The next study involves the influence of pH onto the extraction of Ce using SE05 and SE07. The pH study was conducted ranging from 1.5 to 5.5 as illustrated in Figure 3 . The performance of SE05 was compared with SE07 and the result shows that the higher efficiency at Ce extraction was achieved using SE05 compared to SE07. The actual pH of simulated aqueous phase measured is around 0.9 to 1 and at the lowest pH setting of 1.5, extraction is the lowest compared to the other pH values. The result also shows that the extraction efficiency increased with the increase of pH value and the best pH identified to extract Ce was in between pH 4.5 -5.5. It is common understanding in industry where at certain pH and temperature influence the extraction potential. At certain pH value, the REE will respond differently towards the best pH for the REE to be released and move into the extractant and the feedback varies with the varies of type of extractants [6] . The result from Figure 3 was similar to the research made by Atanassova et al. (2015) , where they found that HTTA extractant was most effective under pH 4 -5.5. This range is frequently observed to be the most accommodated pH range for Ce extraction and further analysis can be made on this synergist extractant towards its reflection on pH.
Effect of temperature towards extraction of Ce
The extraction temperature is one of the variables that affects the extraction efficiency. Followed by the positive outcome from the pH, the next study anticipated the new extraction condition of pH at 5 that applied on SE05 and SE07. Figure 4 shows that the extraction efficiency of both synergist extractant at different extraction temperature. SE07 shows a complete extraction under the ratio of synergist ionic liquid-extractant of 2:3 for all three temperature conditions. The same effect noted by Nguyen et al. (2015) where the extraction is at optimum when the temperature of the extraction process reached 80°C [27] , [28] . However, it appeared in this study, HTTA-[C 4 mim][NTf 2 ] has a slight declination on extraction efficiency when it reached 45 °C. HTTA was dissolved using toluene in the ratio of 1:2. Toluene was used for other extractants such as Cyanex 272 [30] , TODGA [31] , and Cyphos IL 101 [32] Type of extractant temperature. Apparently, synergist extractant with shorter alkyl chain of ionic liquid (SE07) shown better potential at extraction of Ce compared to SE05. The extraction was enhanced dramatically with complete extraction at pH 5 and temperature was increased up to 45 °C using SE05. The synergist extractant (SE05) performance is proved to be better compared to toluene used as diluent for HTTA instead of [C n mim][NTf 2 ]. This data is used for the next study to understand the potential of synergist extractant in extraction of REE and not limited to Ce.
